In greenhouses of botanical gardens of Ukraine 81 species of nematodes were found. Th e richest by the number of species was Tylenchida order that was presented by 25 species (31 % of species composition). Th e dominant group of nematodes was plant-parasitic (most frequent was Rotylenchus robustus (de Man, 1876) Filipjev, 1936 and Meloidogyne incognita (Kofoid et White, 1919) Chitwood, 1949. Th e group of saprobiotic nematodes, which was presented by 52 species (64 %), appeared to be the richest by the number of species. It is shown, that formation of nematode communities in greenhouses of botanical gardens was caused by the interaction of many related factors, crucial of which is the composition of plant collections. Th e structure of communities is quite constant and almost independent of the quantity of nematodes species. Plant-parasitic species dominate by the number and frequency of detection, and represent a kind of a core of nematode communities.
Introduction
Nematode communities are an integral part of the soil ecosystems and play an essential role in many biological processes. Traditionally, the vast majority of nematological research is devoted to plant-parasitic species, which cause signifi cant damage to crop production all over the world. However, in light of the increasing anthropogenic impact in natural ecosystems, a comprehensive study of roundworms currently is no less urgent. Th e study of nematode communities plays an important role in understanding of natural biological processes and allows fi nding out patterns of formation, functioning and anthropogenic changes in biocenoses (Kozlovskyi, 2009) .
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Fauna and Systematics
Greenhouses of botanical gardens are the perfect model objects for the study of nematode communities. Th e main features that distinguish greenhouses of botanical gardens from agricultural (industrial) greenhouses are: 1) absence of crop rotation; 2) wide range of plants simultaneously growing on a relatively limited area; 3) long-term (frequently perennial) growing of plants in containers or directly in the ground greenhouses (Sigareva et al., 2010) .
Greenhouses are the artifi cially created specifi c ecosystems each of which is unique, in spite of the general principles. Th e diff erences caused by a variety of physical factors (temperature, water and light modes, the composition of soil mixes etc.), biological (species composition of plants, animals, fungi and other organisms), qualifi cation of the personnel, type of fi nancing, etc. Due to the infl uence of these factors the structure of nematode communities in each of the botanical gardens are diff erent.
All the currently available information on the integrated study of nematode communities in the greenhouses of the botanical gardens of Ukraine mainly relates to plant-parasitic helminthes, and it is rather fragmentary (Kirjanova, Krall, 1971; Timchenko, 1991) .
Material and methods
Th e material was collected during 2008-2011 in greenhouses of Donetsk botanical garden of NAS of Ukraine (DBG), botanical garden of Kharkiv national university named aft er V. Karazin (BGKNU), M. M. Gryshko National botanical garden of NAS of Ukraine (NBG), botanical garden of Lviv national university named aft er I. Franko (BGLNU), Kryvyi Rih botanical garden of NAS of Ukraine (KRBG) and Nikita botanical garden -National scientifi c centre of NAAS of Ukraine (NBG-NSC). As far as the research included not only free-living soil nematodes, but also plant-parasites, the extracts of the worms were carried out not only from the soil, but also from above and below ground organs of the plants. Altogether 153 species of plants belonging to 62 genera and 44 families were examined.
For the extraction of nematodes from soil and tissues of plants, Baermann's funnel technique was used (Baermann, 1917; Decker, 1972; Kirjanova, Krall, 1969) . Exposition term was 5 days. TAF (triethanolamine 2 ml (40 %) formalin 7 ml and distilled water 91 ml) was used for fi xation of the nematodes (Courtney et al., 1955) . Temporary microscope slides preparation and nematodes staining were done by standard techniques (Decker, 1972; Matveeva, 1989) .
Species identifi cation was carried out with using the microscopes MBS-9, MBI-3 (LOMO), and Zeiss Primo Star with Canon Power Shot A 640 camera. We used the monographs by Eliava (1988) , Goodey (1963) , Krall (1969, 1971) , Krall (1978) , Mai and Mullin (1996) , Ryss (1988) , Siddiqi (2000) , Stirling et al. (2002) . Frequency of detection and the average quantity of nematodes were counted for the 100 cm³ of soil and 1 g of plant tissues.
Th e similarity between nematode communities in diff erent botanical gardens was esti mated using Jaccard index, cluster analysis using complete linkage method. Th e type of the distance was the Euclidean distance (2-norm distance) (Sneath, Sokal, 1973 ) determined using Statistica 6.1 for Windows.
Results and discussion
Totally 81 species of nematodes belonging to 64 genera, 29 families and 8 orders were found. Th e largest variety of nematodes species was observed in the M. M. Gryshko National botanical garden (59 species), the smallest was in the botanical garden of Lviv National University (21 species).
Th e order Tylenchida was the richest by the number of species; it was represented by 25 species (31 %) belonging to 18 genera and 8 families (table 1). It is this order that includes most of the known plant-parasitic nematodes. In addition, many species belonging to the orders Rhabditida and Dorylaimida were found. Th e former order was represented by 21 species (26 %) belonging to 17 genera and 4 families, the latter order -by 18 species (22 %) belonging to 14 genera and 8 families. Th e orders Chromadorida, Monhysterida and Teratocephalida were the smallest by the number of species (table 1) . All found nematodes can be divided into four groups according to their feeding habits: plant-parasitic, fungivorous, saprobiotic and predatory. Information on the details of species allocation and distribution in diff erent botanical gardens is given in the table 2.
Species of nematodes DBG BGKNU BGLNU NBG KRBG NBG-NSC P l a n t -p a r a s i t i c Aphelenchoides fragariae (Ritzema Bos, 1890) Christie, Fungivorous nematodes accounted for 8 % of species composition (7 species). Th e most common among them was Aphelenchus avenae Bastian, 1865.
Predatory nematodes were represented by 4 species (5 % of species composition). Mononchus papillatus Bastian, 1865 was the most common among them.
In most cases, the dominant group of nematodes was plant-parasitic. In all six gardens, two species of plant-parasitic helminthes dominated: R. robustus and M. іncognіta. Th e average quanti ty and frequency of detection of these nema todes were much higher than similar values for other species. In addition to that, quite oft en D. dіpsacі, H. dihystera and T. claytonі dominated as well. Th e number of saprobiotic nematodes was the greater the more intense were the putrefactive processes in the root system caused by plant-parasitic nematodes. In turn, the greater was the level of destruction of the root system the lower was the number of plant-parasitic nematodes that migrated depending on the rots spreading in healthy tissues and rhizosphere. In addition, the reduction of the number of plant-parasitic, saprobiotic and fungivorous nematodes in many cases was accompanied by an increase of predatory nematodes number.
At the same time, the percentage of diff erent trophic groups of nematodes in diff erent gardens is quite homogeneous, regardless of the total number of nematodes species. Th e maximum discrepancy between the minimum and maximum values of species quantity within a single trophic group was just 13 % (table 3) .
For this reason we characterize the detected nematode communities as quite a stable and ecologically similar structural formation, and consider the fauna of nematodes in the greenhouses of botanical gardens as a unifi ed whole. Also, this confi rms that despite a considerable geographical remoteness of botanical gardens, the conditions in the greenhouses actually diff er to a little extent, and cause the formation of quite a stable specifi c fauna of nematodes.
Th e quantitative composition of nematode communities does not give comprehensive information about their similarity. For a more detailed analysis of the similarity of nematode communities in diff erent botanical gardens, a symmetric matrix of values of the coeffi cient of Jaccard index was compiled (table 4) . Based on the indexes of similarity, a cluster analysis was conducted and the dendrogram was constructed (fi g. 1).
As the dendrogram shows, nematode communities in NBG-NSC and DBG form a separate group (cluster), which is very diff erent from the nematode communities from other botanical gardens. Th is fact can be explained by several factors like: geographical location of the gardens, similar species composition and similar sources of formation of plant collections. However, fi nding out the true cause of the similarity of the nematode communities it is not only extremely diffi cult, but in practice, it is unlikely to be possible at all. Th is particularly concerns the question of the ways of plant collections formation, which, in our opinion, is one of the most likely explanations.
Th e origin of most plants found in the collections of botanical gardens is unknown or limited by general information that is not suitable for our purposes. Th e fact that these gardens contain some of the largest collections of succulents among all the botanical gardens of Ukraine, which certainly shows a mass exchange of these plants between the two organizations, can be taken as the most likely explanation for such a distribution of nematode communities. Рис. 1. Дендрограмма сходства нематодных сообществ в оранжереях ботанических садов Украины (объ-единение по методу полной связи). Расшифровка сокращений дана в таблице 2.
Since plant-parasitic nematodes dominated in most cases of nematode communities, a cluster analysis was performed, and a dendrogram of plant-parasitic nematode communities' similarity was composed in order to fi nd out whether they determine a distribution like this (fi g. 2).
As shown in this dendrogram, communities of plant-parasitic nematodes form two completely diff erent groups ("NBG-NSC, BGKNU, BGLNU" and "KRBG, NBG, DBG"). Th e fi rst group includes the oldest gardens of Ukraine founded in the XIX century (NBG-NSC and BGKNU) or based on plants collections, gathered at that time (BGLNU). Th e most similarity of parasite communities was noted in BGLNU and BGKNU. Both these gardens belonging to the universities have a small area of greenhouses, small collection of plants and usually little funding. Th ese factors also make a diff erence in the character of farming. All this speaks for the dependency of plant-parasitic nematode community structure from these factors.
Complex "KRBG, NBG, DBG" consists of academic gardens, with a large area of greenhouses, between which there is a constant exchange of plant material. Although NBG-NSC belongs to the academic ones, the area of greenhouses therein is very small, and the exchange with this garden is carried out practically at the level of succulents only, because they constitute a single fund collection in the greenhouses of this institution.
Th us, it was found that formation of nematode communities in greenhouses of botanical gardens is caused by the interaction of many related factors such as: age of gardens, area of covered ground, composition of plant collections, farming mode, intensity of exchange plant material, etc. Crucial here is exactly the composition of plant collections. Th e structure of nematode communities is quite resistant and almost independent from the number of nematodes species. Plant-parasitic species dominate by the number and frequency of detection, and represent a kind of a core of nematode communities. 
